Background: Few studies have assessed the metabolic syndrome (MetS) as an entity in relation to breast cancer risk, and results have been inconsistent. We aimed to examine the association between MetS factors (individually and combined) and risk of breast cancer incidence and mortality.
Introduction
Breast cancer is the most common cancer in women worldwide, accounting for about 23% of all cancers in women, and age-adjusted incidence rates are increasing in most countries (1) . This increase parallels the increase in lifestyle-related diseases, such as type 2 diabetes and the metabolic syndrome (MetS; ref.
2). The MetS is a cluster of risk factors associated with increased risk of cardiovascular diseases, which also embraces several components individually related to breast cancer etiology: postmenopausal obesity, hypertension, hyperglycemia, and low high-density lipoprotein cholesterol (1, (3) (4) (5) .
To date, few studies have assessed the MetS as an entity in relation to breast cancer risk, and the results have been inconsistent (6) (7) (8) . Breast cancer is hormone related, and consequently, the effects of established risk factors for the disease, including obesity, a key component of the MetS, differ before and after menopause (1, 9) . In addition to effects on incidence, metabolic factors have been suggested to affect breast cancer progression and prognosis (10) .
In 2006, we initiated the MEtabolic syndrome and CANcer (Me-Can) project to investigate the effects of MetS factors and the MetS as an entity on cancer risk (11) . Existing long-standing cohorts in Austria, Norway, and Sweden were included in the project. The aim of this study was to examine the association between MetS factors (both individually and combined) and the risk of breast cancer incidence and mortality.
Materials and Methods

Study population
The Me-Can study design, participating cohorts, and data collection procedures have been described previously (11) . Briefly, for studies on female cancers, six cohorts from Austria (the Vorarlberg Health Monitoring and Prevention Programme), Norway (the Norwegian Counties study, the Cohort of Norway, and the Age 40 Programme), and Sweden (the Västerbotten Intervention Project and the Malmö Preventive Project) were pooled in 2006. All women in the cohorts had undergone one or more health examination(s). In Norway and Sweden, participants were asked to fill in questionnaires covering lifestyle (including smoking) and various topics of specific interest for the recruiting centers. In Austria, specific questions about lifestyle (including smoking) were asked and recorded by the physician performing the examination.
Data on 288,834 women, collected during 1974-2005, were used in the Me-Can studies on female cancers (12) . In all Me-Can cohorts, measurements of height, weight, and systolic and diastolic blood pressure had been done, and blood/plasma/serum levels of glucose, total cholesterol, and triglycerides were analyzed. Anthropometric measurements were conducted in a similar way in all individual cohorts, with participants wearing light indoor clothes and no shoes. Different resting time before measurements, body positions, and equipment were used in the cohorts for measurement of blood pressure. Also, various fasting times before blood draw were used in the different cohorts (11) .
Detailed and complete information on known confounders of breast cancer risk such as reproductive history and exogenous hormone use (oral contraceptives and use/type/duration of hormone replacement therapy) was not available in all the individual Me-Can cohorts. In the Norwegian cohorts, however, data on parity, year of childbirth(s), and physical activity were available.
In all three countries, incident cases of breast cancer (International Classification of Diseases, seventh revision: 170) were identified through linkages with national cancer registries. The cohorts have also been linked to the respective National Cause of Death Register and, in Norway and Sweden, to the Register of the Total Population and Population Changes, for vital status. Causes of death were coded according to the Eurostat European shortlist for cause of death (13) .
To reduce the possibility of reverse causation, followup started 1 year after the baseline examination. While exploring the breast cancer incidence, the follow-up ended at the date of the first cancer diagnosis, emigration, death, or 
Statistical analysis
Cox proportional hazards regression models with age as the time variable were fitted to obtain hazard ratios, in this article denoted as relative risks (RR), of breast cancer incidence and mortality with 95% confidence intervals (95% CI; ref. 14). Quintile cutoff points for the exposure variables were determined within the six subcohorts, and for glucose, cholesterol, and triglycerides, also in categories of fasting time (fasting, >8 hours; nonfasting, ≤8 hours). The models were stratified for cohort (six subcohorts) and adjusted for year of birth (five categories: ≤1929, 1930-1939, 1940-1949, 1950-1959 , and ≥1960), age at measurement (as a continuous variable), and smoking status (three categories: never, former, and current smokers). Blood pressure, glucose, cholesterol, and triglycerides were further adjusted for quintile levels of body mass index [BMI; (weight in kilograms)/(height in meters) 2 ], a known risk factor for breast cancer. Tests for trend across quintiles were calculated using the mean levels of cohort-specific quintiles, and for glucose, cholesterol, and triglycerides, also in fasting time categories.
The variables BMI, blood pressure [(systolic blood pressure + diastolic blood pressure)/2], glucose, cholesterol, and triglycerides were standardized to z-score variables with mean = 0 and SD = 1. The variables were standardized separately for the six subcohorts, and for glucose, cholesterol, and triglycerides, also for fasting time. As glucose and triglycerides were skewed and had outliers, they were log transformed before standardization. A score for the MetS, constructed by adding the individual z-scores, was also standardized to a z-score variable with mean = 0 and SD = 1. This variable was standardized separately for the six subcohorts and for fasting time.
We examined the possibility of effect modification by BMI status. Analyses were stratified on BMI at measurement (three lowest and two highest quintiles), and we tested for interactions of each of the z-scores for blood pressure, glucose, cholesterol, triglycerides, and MetS with the two BMI groups.
As information on age at menopause was unavailable for most of the study subjects, we used age 50 years as a proxy for age at menopause, and stratified some analyses according to attained age <50, 50-59, and ≥60 years. In some analyses of breast cancer mortality, stratification was done according to attained age <50 and ≥50 years due to small numbers.
In the Norwegian cohorts, potential confounders such as parity, maternal age at childbirth(s), and physical activity were also adjusted for. However, the inclusion of these variables in the regression models did not appreciably change the risk estimates, and thus were not included in the final models.
Risk estimates were adjusted for random error in exposure assessment based on observations from subjects in which two or more observations with the same fasting time before measurements were available. Data from 71,789 women with 232,152 observations were used for analyses of random error. Mean time between the baseline measurement and repeated measurements was 6.9 years (SD = 3.9). RRs in quintiles were corrected directly by dividing the regression coefficient in the Cox model by the estimated regression dilution ratio (RDR) of exposure (15) . RRs of z-scores were corrected indirectly by replacing each original z-score in the Cox model with its conditional expected value (i.e., regression calibration; ref. 16 ). RRs of z-scores were adjusted for all metabolic factors, which all, except BMI, have substantial random error (17) (18) (19) . Therefore, the regression calibration method that allows for correction for random error also for covariates in the model was used in these analyses. Analyses of RDR and regression calibration were based on linear mixed-effect models, similar to those described by Woods et al. (15, 16) .
The statistical package SPSS (version 14.0.2) was used for risk estimation, and R (version 2.7.2) for random error calculation.
Ethics
The Me-Can project has been approved by ethical committees in the respective countries.
Results
Incidence
The 287,320 women in this study were followed for an average of 11 years (range, 0-32 years) after measurement, constituting 2.9 million person-years when excluding the first year after measurements ( Table 1 ). The mean age at measurement was 44 years. During follow-up, 4,862 breast cancers were diagnosed. The mean age at diagnosis was 58 years, and the breast cancer cases had their measurements taken, on average, 11 years before diagnosis.
The risk of breast cancer was first examined in quintile levels of the individual MetS factors (Table 2) . When the analyses were stratified on attained age, there was a decreasing risk with increasing BMI (RR for the top versus bottom quintile was 0.70; 95% CI, 0.57-0.85) and levels of cholesterol and triglycerides in women below Then we examined the individual factors and the combined MetS score as continuous z-scores in relation to incident breast cancer (Table 3 ). In women below age 50, there was a decreased risk for the MetS (per 1-unit increment of z-score; RR, 0.83; 95% CI, 0.76-0.90) as well as for the individual factors, except for glucose. In women above age 60, there was an increased risk for BMI and glucose and a decreased risk for cholesterol. In analyses adjusted for the other individual z-scores, there was a decreased risk for BMI and triglycerides in women below age 50, whereas there was an increased risk for glucose. In women above age 60, there was a decreased risk for cholesterol and an increased risk for glucose, although not significant. When the analyses were stratified on baseline BMI (three lowest and two highest quintiles; Table 4), the lowest estimates were seen among the heaviest women with attained age below 50 years; the RR for the MetS was 0.67 (95% CI, 0.57-0.78) per 1-unit increment of z-score. Statistically significant interactions were observed for blood pressure (P = 0.04), glucose (P = 0.006), and the MetS (P = 0.004) in this age group.
Mortality
During follow-up, 633 deaths from breast cancer were identified. Of these cases, 92% had a prior diagnosis of incident breast cancer.
In analyses of quintile levels for the individual MetS factors (Table 5) , there was an increased risk of breast cancer mortality with increasing diastolic blood pressure. The strongest association, however, was seen in the third, fourth, and fifth quintiles of glucose versus the bottom quintile in women above 50 years, but without a significant trend.
Of the continuous z-score factors, increasing levels of blood pressure, glucose, and the MetS conferred an increased risk on women above age 60 ( Table 3 ). The RR for the MetS was 1.23 (95% CI, 1.04-1.45) per 1-unit increment of z-score. The association for blood pressure and glucose remained also after adjustment for the other individual z-scores. The highest RR was observed for glucose (RR, 1.50; 95% CI, 1.05-2.14).
Discussion
Analyses of risk of breast cancer incidence and mortality in relation to the MetS within this large, prospective cohort study showed that there was a decreased risk of incident breast cancer in women below age 50 with high BMI, but an increased risk of breast cancer mortality in women above age 60. Despite the inverse association of most MetS components with breast cancer before age 50, glucose was positively associated with risk. In women above age 60, blood pressure and glucose were associated with increased risk of breast cancer mortality.
Strengths and limitations
The main strengths of our study are its large size, including almost 5,000 breast cancer cases, and its prospective design. Evaluation of the association between the MetS and breast cancer incidence and mortality within the same cohort is another major strength. We used data from population-based surveys in three countries, with almost complete coverage of data for measured exposure factors (11) . The large number of repeated measurements within the cohort allowed us to adjust for random error in the individual MetS factors (20) . We also used high-quality national registers in Austria, Norway, and Sweden for follow-up of subjects. Reporting of cancer cases to the national cancer registries in Norway and Sweden has been compulsory since the 1950s, and the reporting has been almost complete and of high quality (21, 22) . Also, the cancer register in Austria has shown a high coverage (23) .
There is no single universally accepted definition of the MetS. Nevertheless, all existing definitions (24) (25) (26) (27) include indicators of insulin resistance, lipid abnormalities, blood pressure, and obesity. Because high-density lipoprotein cholesterol was not available in all Me-Can cohorts, we included total cholesterol in our analyses.
We lack complete information on reproductive history and exogenous hormone use, in particular hormone replacement therapy use in postmenopausal women, which may act as confounders. However, data on parity, year of childbirth(s), and physical activity were available in the Norwegian cohorts, but adjusting for these variables did not appreciably change the risk estimates.
We did not have data on estrogen and progesterone receptor status of the tumors. A recent meta-analysis indicated that the association between body weight and breast cancer risk varied by estrogen receptor/ progesterone receptor status and by menopausal status (28) . On the other hand, a nested case-control study from Sweden, evaluating the influence of overweight and insulin resistance on breast cancer risk and tumor stage at diagnosis, found only minor differences overall in the exposure-risk associations according to receptor status (29) .
Different measurement methods were used in the individual Me-Can cohorts (11) . Anthropometric measurements were conducted similarly in all cohorts, but there were differences with regard to blood pressure measurements and analyses of blood samples. To account for these differences, cohort-specific cutoff points were used in the analyses.
Comparisons with the literature
Incidence. Very few studies have assessed the MetS as an entity to breast cancer risk, and the studies have focused on postmenopausal breast cancer. In a longitudinal study of the MetS and postmenopausal breast cancer risk in the United States (7), the presence of the MetS at baseline was not associated with risk. In time-dependent analyses, however, the MetS showed a positive association with breast cancer. In an Italian nested case-control study, the MetS was significantly associated with postmenopausal breast cancer risk, with a significant risk increase for increasing number of factors present (6) . In our study, we found no increased risk of incident breast cancer for the MetS in women above 60 years.
In this large cohort study, approximately 1,500 breast cancer cases were diagnosed before age 50. Among these, there was a decreased risk of breast cancer for the MetS, mostly confined to the heaviest women (in the two highest BMI quintiles), and also a decreased risk for the individual factors, except for glucose. Interestingly, glucose concentrations were positively associated with risk, particularly in women with BMI in the three lowest BMI quintiles. At present, the mechanisms underlying the inverse association of the MetS and of its individual factors (except for glucose) with premenopausal (30) , and further research is of interest.
The association between individual components of the MetS and risk of breast cancer has been investigated in numerous epidemiologic studies (31) . Obesity, the most extensively explored factor, has opposite associations with breast cancer risk before and after menopause (32, 33) . Also in our study, there was an increased breast cancer risk in women above age 60 with high BMI (both in analyses of quintile levels and in analyses of continuous z-scores) and a reduced risk in women below age 50.
It has been suggested that type 2 diabetes may be associated with a 10% to 20% excess RR of breast cancer (34) . Also, high levels of fasting plasma glucose and hyperinsulinemia have been associated with an increased breast cancer risk, both in premenopausal and in postmenopausal women (4, 35) . Our data are in line with these observations. The lipoprotein pattern in relation to breast cancer risk has received substantial attention as well. In a previous Norwegian study, Furberg et al. (3) reported that low high-density lipoprotein cholesterol was associated with increased postmenopausal breast cancer risk among overweight women. Several epidemiologic studies have reported an association between low cholesterol levels and higher cancer incidence and mortality, and this association has mostly been attributed to reverse causation (36, 37) . In our study, we also found a decreased breast cancer risk with increasing levels of cholesterol, and we excluded cases diagnosed within the first year after blood draw. Some studies have also indicated that hypertension is associated with a slight increase in risk of breast cancer (38) .
Mortality. Metabolic factors have been suggested to affect breast cancer prognosis as well. In an Italian study on the risk of breast cancer recurrence in postmenopausal women (10) , the presence of the MetS at baseline was an important adverse factor for breast cancer recurrence, in particular in women with high serum levels of testosterone. When considered alone, none of the individual MetS factors was significantly associated with prognosis. Also, a recent Norwegian study supported a relationship between mortality among breast cancer patients and BMI, blood pressure, lipids, and physical activity (39) . In our study, there was an increased risk of breast cancer mortality for the MetS as well as for blood pressure and glucose in women above age 60. In particular, a strong association was seen in the third, fourth, and fifth quintiles of glucose in women above 50 years, although the trend was insignificant.
Among individual risk factors, obesity has been shown to increase the risk of breast cancer recurrence, contralateral breast cancer, wound complications after breast surgery, lymphedema, and possibly mortality (40) . It has been suggested that less active participation in mammography screening of obese in comparison with normal-weight women can account for some of these differences, although a recent meta-analysis of studies from the United States indicated that the differences in the breast cancer screening participation rates may be evident only when morbidly obese women (BMI >40 kg/ m 2 ) are compared with normal-weight women. In our study, we did not observe a positive association between BMI and breast cancer mortality.
Conclusion
The MetS was associated with a decreased risk of incident breast cancer in women below age 50 with high BMI, and with an increased risk of breast cancer mortality in women above age 60. The strongest association with breast cancer mortality was seen for increased glucose concentrations.
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